ENZYMES are vital proteins involved in regulating various biochemical cycles in a biological system. They are also responsible for various reactions, and associated with several human disorders. Apart from enzymes, enzyme inhibitors have been extensively examined; not only to study the structure of the enzyme and its mechanism, but also for its application in other sectors such as agriculture 1,2 , cosmetics 2,3 and pharmaceuticals 2, 4 . The enzyme tyrosinase (EC 1.14.18.1) has been gaining importance due to its widespread applications. It is a key enzyme responsible for the production of melanin, causing hyperpigmentation in the skin and undesirable browning of fruits and vegetables 5 . Thus, the search for a novel tyrosinase inhibitor is important.
Marine microorganisms are metabolically and physiologically different from terrestrial ones, owing to extreme environments such as high temperature and salinity, and low organic matter; thereby providing a potential source for novel and diverse compounds 6 . Among bacteria, actinobacteria are a renowned source of bioactive natural compounds with applications in medicine, agriculture and industry. They produce diverse secondary metabolites such as enzymes 7, 8 , antibiotics 9, 10 , probiotics 8 , biosurfactants 7 and enzyme inhibitors 11, 12 ; Streptomyces being the major candidate [13] [14] [15] . Imada 12 reported different types of enzyme inhibitors from marine actinobacteria, viz. glucosidase, N-acetyl-beta-D-glucosaminidase, pyroglutamyl peptidase and amylase inhibitors. Tyrosinase inhibitors have been reported from various natural and synthetic sources, highlighting their industrial relevance 2, 3, [16] [17] [18] . Researchers are turning towards metabolites from natural sources for various applications. Fernandes and Kerkar 19 have reviewed tyrosinase inhibitors produced by microorganisms; with major inhibitors reported from fungi and Streptomyces species 19 . The genus Kitasatospora, classified under Actinobacteria, has been reported as a producer of many bioactive compounds [20] [21] [22] [23] . There are several reports of Kitasatospora producing novel bioactive compounds showing different activities 24 . The genus is reported to exhibit various activities which include antimicrobial activity 21, 25, 26 , proteosome inhibitor 23, 27 and proteinase inhibitor 28, 29 . Therefore, this genus could be the source of a new compound of biological importance.
Growth improvement of the organism is possible by manipulating its culturing conditions, in terms of nutritional and physical parameters. Various regulatory mechanisms exist in microorganisms that control the production of metabolites by fermentation. Complete knowledge of optimal conditions is required for maximum fermentation leading to the production of the concerned metabolite by actinobacteria. Thus, medium composition plays a central role in the process with respect to efficiency and economics. It influences the growth, metabolism, product yield and activity of the culture 15 . With regard to this, our next objective was aimed to optimize the culture conditions for higher yield of the metabolite. The conventional method for optimization includes a single factor manipulation maintaining the other factors constant. However, this method is timeconsuming, unreliable and does not depict the interaction of all the factors involved in the production and activity of the product. These limitations can be eliminated by a statistical approach using response surface methodology which could improve yield and reduce cost, process unreliability and time. Thus our study is aimed at optimizing the fermentation medium for enhancing the anti-tyrosinase activity of a hypersaline Kitasatospora sp. using a statistical approach.
Strain SBSK-430 isolated from marine saltern of Goa, India was identified as Kitasatospora sp. by 16S rRNA sequencing (GenBank accession no. KJ081549.1), and observed to have anti-tyrosinase activity.
The basic medium used for optimization consisted of D-mannitol 10 g/l; yeast extract 2 g/l; dipotassium phosphate 1 g/l; sodium chloride 1 g/l; magnesium sulphate 1 g/l; calcium carbonate 4 g/l; ferrous sulphate 0.001 g/l; manganous chloride 0.001 g/l; zinc sulphate 0.001 g/l, and pH adjusted to 7.0 ± 2. Kitasatospora sp. SBSK-430 was cultured in a flask (150 ml) with 50 ml medium on a rotary shaker (120 rpm) at 37°C. All the chemicals were procured from Hi-Media, India.
Anti-tyrosinase activity was analysed by spectroscopy as described by Chang and Tseng 30 , with modifications. The growth of SBSK430 was also monitored by determining the dry cell weight (DCW). The culture was centrifuged at 8000 rpm for 15 min and transferred to a pre-weighed filter paper. The biomass was dried at 55°C overnight, weighed and expressed as milligrams per milliliter (mg/ml) 31 . The cell-free supernatant (200 μl) of the cultured isolate was collected and used for the assay. The supernatant was added to 0.2 mM L-tyrosine (800 μl) and the reaction was initiated with 20 μl of tyrosinase enzyme (EC 1.14.18.1; Sigma-Aldrich). The assay mixture was incubated at 30°C for 30 min; an increase in absorbance at 475 nm was monitored and the per cent inhibition of tyrosinase activity was calculated as follows
where A is the absorbance at 475 nm with sterile broth (control) and B is the absorbance at 475 nm with the tested sample.
To screen the most influential parameters for optimization of anti-tyrosinase activity by Kitasatospora sp. SBSK-430, various process variables such as cultivation time (up to 18 days), temperature (10-50°C), initial pH (2.0-9.0) of the medium, sodium chloride (0-8%), calcium carbonate (0-0.5%), dipotassium phosphate (0-0.2%), carbon and nitrogen sources were analysed using the one-factor-at-a-time (OFAT) approach. Each factor assessed was incorporated further in subsequent experiments keeping other factors constant, unless otherwise stated.
Further, response surface methodology (RSM) approach was used to study the interaction among the three influencing variables selected from OFAT, i.e. carbon source: D-mannitol (A), nitrogen source: yeast extract (B) and sodium chloride (C) on anti-tyrosinase activity by Kitasatospora sp. SBSK-430. The other components of the basal medium were kept constant, varying only three influential factors. The experimental design was analysed by Design Expert 6.0 (Stat-Ease, Minneapolis, USA). The design was used to identify the effect of these variables on each other for maximizing production of the tyrosinase inhibitor, thereby maximizing its anti-tyrosinase activity and thus determining the optimum fermentation conditions. In addition, it was also used to access whether the enzyme inhibitor production was growth-associated. According to this design, 20 experiments were performed in triplicate, containing six replicate controls at the centre point. In this study, three key factors with three concentration levels were adopted.
The comparison of anti-tyrosinase activity with ten different carbon and nitrogen sources respectively, was carried out using OFAT approach. D-mannitol and yeast extract resulted in the highest activity compared to the other nine carbon and nitrogen sources.
RSM consists of an empirical technique for developing, enhancing and optimizing processes influenced by variable responses. It generates a mathematical model defining the effect of independent variables, alone or in combination, on the fermentation process 32, 33 . Prior knowledge of the process and its variables is important to obtain a realistic model 34 . To accomplish this, the effect of different factors such as pH, temperature, carbon and nitrogen sources, calcium carbonate, sodium chloride and dipotassium phosphate was evaluated using the OFAT approach. Tyrosinase inhibitory activity was found to increase by 1.25-fold (71%).
To the best of our knowledge, there are no previous reports on utilizing D-mannitol as a carbon source for the production of anti-tyrosinase activity by actinobacteria. Other factors such as concentration of calcium carbonate and dipotassium phosphate did not have a considerable effect on the activity. D-mannitol, yeast extract and sodium chloride were found to be the most influential factors. The pH, temperature and concentration of calcium carbonate and dipotassium phosphate were kept constant throughout the experiment, since they had no major effect on anti-tyrosinase activity. Lim and Kim 35 reported the influence of yeast extract on tyrosinase inhibitory activity by Lactobacillus sp. 35 . Based on the most influential variables identified by OFAT, a central composite design (CCD) was proposed for enhancing the anti-tyrosinase activity depicting the actual responses and biomass (Table 1) . Table 1 suggests that the increase in anti-tyrosinase activity by SBSK430 is not growth-associated. The model adequacy was tested and analysis of variance suggested that the model was significant with F-value of 20.26 and a very low probability value >0.0001 ( Table 2 ). The parameters with significant effect were also identified using Fisher's test for analysis of variance (ANOVA). In addition, the goodness-of-fit of the model was evaluated by R 2 value (R 2 = 0.948) indicating that the model does not explain only 0.01% of the total variations. The predicted R 2 value of 0.8606 was in reasonable agreement with the adjusted R 2 value of 0.9012. A high adjusted R 2 value also supports the significance of the model, and substantiates a good correlation between the individual factors 33 . A low value of the coefficient of variation (CV = 18.27%) indicates better precision and reliability of the experiment.
Adequate precision measures the signal-to-noise ratio; a ratio of 12.516 indicates an adequate signal, suggesting that the model can be used to navigate the design space. The lack-of-fit F-value of 0.44 implies the lack-of-fit is not significant relative to the pure error, indicating that the model is fit. There is an 80.4% chance that this large lack-of-fit F-value could occur due to noise. 
where Y is the response (anti-tyrosinase activity) and A, B and C are coded values of the variables D-mannitol, yeast extract and sodium chloride respectively. The significance of each coefficient was evaluated by F-value and P-value (Table 3) where large F-value and Prob > F less than 0.05 indicate that the model terms are significant 32, 33 . In this experiment, it implies that quadratic and their interactive effect of yeast extract and sodium chloride are more significant than the other factors. Thus, they can be used as limiting nutrients, and alteration in their concentration can alter the product yield. In addition, the interactive effect of D-mannitol with yeast extract as well as sodium chloride was found to be significant. However, values greater than 0.1 indicates that the model terms are not significant.
The 3D response surface is the graphical representation of the regression equation, indicating the interaction of the factors with the response (Figure 1 ). Each contour curve in the graph represents a number of combinations of two influencing variables with the other being constant; with maximum predicted value confined in the smallest ellipse. Figure 1 a describes the effect of Dmannitol and yeast extract on enhancing anti-tyrosinase activity, sodium chloride being fixed at the middle level. The anti-tyrosinase activity increases with increase of both the components. Figure 1 b and c also shows a similar trend. In addition, sodium chloride above 1.5 g/l showed a decrease in activity, with increasing concentration of D-mannitol (Figure 1 b) . Perturbation graph (Figure 2 ) compares the effect of every factor on a particular point using space design. Figure 2 suggests that all three variables show significant mutual interaction with each other. The model predicts that the maximum antityrosinase activity (72.8%) can be obtained using 15 g/l D-mannitol, 5.6 g/l yeast extract and 1.2 g/l sodium chloride. Verification of the results was carried out by the shake flask method and maximum activity was found to be 75.5%. Thus, the model prediction is in close agreement with the experimental value.
Several studies have been carried out with respect to tyrosinase inhibitors from natural sources and their application in post-harvest technology as well as skin depigmentation. Thus, optimizing the production of a potent tyrosinase inhibitor is crucial for its application in largescale production. This is the first report of medium optimization for anti-tyrosinase activity production by Kitasatospora sp. using response surface methodology; 
